Abstract: (1) Background: This study assessed the influence of beef consumption on nutrient intakes and diet quality among U.S. adults. (2) Methods: Nationally-representative sample (n = 27,117) from 2005-2016 National Health and Nutrition Examination Survey was analyzed. First-difference estimator addressed confounding bias from time-invariant unobservables (e.g., eating habits, taste preferences) by using within-individual variations in beef consumption between 2 nonconsecutive 24 h dietary recalls. (3) Results: Approximately 54%, 39%, 12%, and 7% of U.S. adults consumed beef, lean beef, fresh beef, and fresh lean beef, respectively. Overall diet quality measured by the Health Eating Index-2015 (HEI-2015) score among beef, fresh beef, lean beef, and fresh lean beef consumers was lower than beef non-consumers. Regression analyses found that beef, fresh beef, lean beef, and fresh lean beef consumption was associated with higher daily intakes of total energy, protein, sodium, choline, iron, selenium, zinc, phosphorus, and multiple B vitamins. Beef, fresh beef, and lean beef consumption but not fresh lean beef consumption was associated with higher saturated fat intake. Beef consumption was not found to be associated with overall dietary quality measured by the HEI-2015 score. (4) Conclusions: Beef consumers may increase the intake of fresh and lean beef over total beef consumption to maximize the nutritional gains from beef portions while minimizing the resulting increases in energy, saturated fat, and sodium.
Introduction
Beef is a staple of the U.S. diet. In 2016, U.S. adults averaged 56 pounds of beef consumption [1] . Dietary animal protein is a primary source of high biological value protein, iron, zinc, multiple B vitamins and other essential nutrients [2] . As a primary source of dietary animal protein, beef consumption, especially fresh and lean beef, holds the potential to improve diet quality among U.S. adults. On the other hand, beef contains saturated fat and may be prepared or cooked in ways (e.g., certain processed beef products) that increase the presence of unhealthful substances [3] . Evidence from some prospective cohort studies and randomized controlled trials suggests that eating patterns early 1960s and periodically conducted separate surveys focusing on different population groups or health topics. Since 1999, the NHANES has been conducted continuously in 2-year cycles, and has a changing focus on a variety of health and nutrition measurements. A multi-stage probability sampling design has been used to select participants who are representative of the civilian, non-institutionalized U.S. population. Certain population sub-groups are oversampled to increase the reliability and precision of health status indicator estimates for these groups. Detailed information regarding the NHANES sampling design, questionnaires, clinical measures, and individual-level data can be found elsewhere [20] .
Dietary Interview
Except for the NHANES 1999-2000 wave where all participants were asked to complete a single 24 h dietary recall, all subsequent waves incorporated two dietary recalls, with the first collected in-person, and the second by telephone 3 to 10 days later. In both interviews, each food or beverage item, and corresponding quantity consumed by a participant from midnight to midnight on the day before the interview, were recorded. The in-person dietary recall (day 1) was conducted by trained dietary interviewers in the mobile examination center (MEC) with a standard set of measuring guides. These tools aimed to help the participant accurately report the volume and dimensions of the food/beverage items consumed. Upon completion of the in-person interview, participants were provided measuring cups, spoons, a ruler and a food model booklet, which contained 2-dimensional drawings of the various measuring guides available in the MEC, to use for reporting dietary intake during the telephone interview (day 2). Following the dietary interview, the caloric and nutrient contents of each reported food and/or beverage item were systematically coded with the U.S. Department of Agriculture (USDA) Food and Nutrient Database for Dietary Studies (FNDDS). Access restrictions apply to the day 2 dietary recall data collected in the NHANES 2001-2002 wave, whereas dietary data for both recall days are released to the public for all subsequent waves.
Beef Consumption
Each food item consumed is assigned an 8-digit FNDDS code in the NHANES. Beef products occupy the codes 21000000-21800000. However, FNDDS codes do not differentiate between fresh and/or lean beef. We therefore linked FNDDS codes to the USDA National Nutrient Database for Standard Reference (SR), which assigns a 5-digit Nutrient Databank (NDB) number to each food item. The NDB numbers are linked to the FNDDS codes in the FNDDS link files. Beef is a unique food group classified in the SR, and each beef product is associated with a detailed text description. Fresh beef refers to beef products that do not contain any artificial flavor or flavoring, coloring ingredient, chemical preservative, or any other artificial or synthetic ingredient; and the products and their ingredients are not more than minimally processed (e.g., ground). We identified fresh beef products using the keywords "fresh" or "raw", and lean beef products using "lean" in the description. Fresh lean beef products are beef products that are both fresh and lean. The SR defines fresh lean beef as fresh beef, containing less than 10 g of fat, 4.5 g of saturated fat, and 95 mg of cholesterol per 100 g of product. To estimate the ounce-equivalents of beef consumption, we further merged the NHANES data with the corresponding Food Patterns Equivalents Database (FPED). A new version of the FPED can be developed for each NHANES wave. FPED converts the foods and beverages in the FNDDS to the USDA food patterns (FPs) components, and the FPs are measured as ounce-equivalents for protein foods. Due to the modifications of the FPs classifications in FPED over the years, we adopted the most recent version of FPs classifications that has been consistent since the NHANES 2005-2006 wave.
A beef consumer is defined as an adult NHANES participant who consumed any beef products on either dietary recall day. Analogously, a fresh, lean, or fresh lean beef consumer is defined as an adult participant who consumed any fresh, lean, or fresh lean beef products on either dietary recall day, respectively. These three consumer groups are not mutually exclusive and an individual may simultaneously qualify for one, two, or all three categories. In contrast, a beef non-consumer is defined as an adult participant who consumed no beef products on both dietary recall days.
Diet Quality
The Healthy Eating Index (HEI)-2015 was developed by the USDA as a measure of dietary quality in accordance with the Dietary Guidelines for Americans (DGA), 2015-2020 [21, 22] . It consists of 13 components: Total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, fatty acids, refined grains, sodium, added sugars, and saturated fats. With a maximum score of 100, a higher HEI-2015 score reflects closer adherence to the DGA. We calculated each NHANES participant's HEI-2015 score on either dietary recall day using the FPED and following the procedures established by the USDA and the National Cancer Institute [22] .
Nutrient Intakes
In the dietary recall data, energy derived from each consumed food/beverage item was recorded based on the quantity of food/beverage reported and the corresponding energy contents. We calculated the daily caloric intake (kcal) and daily intakes of protein (g), saturated fat (g), sodium (mg), choline (mg), iron (mg), selenium (µg), zinc (mg), phosphorus (mg), vitamin B 2 (mg), vitamin B 3 (mg), vitamin B 6 (mg), and vitamin B 12 (µg) from beef products alone as well as from all foods/beverages on either dietary recall day among beef consumers, fresh beef consumers, lean beef consumers, fresh lean beef consumers, and beef non-consumers.
Individual Characteristics
The following individual characteristics were reported for U.S. adults aged 18 years and older: sex, age (stratified into two age groups: 18-64 years of age and 65 years of age and older), race/ethnicity (non-Hispanic white, non-Hispanic African American, non-Hispanic other race or multi-race, and Hispanic), education (high school and below, and college and above), marital status (married, divorced/separated/widowed, and never married), household income (income to poverty ratio (IPR) < 130%, 130% ≤ IPR < 300%, and IPR ≥ 300%), smoking status (non-smoker, and former or current smoker), self-rated health (good or excellent health, and fair or poor health), chronic conditions (diabetes, arthritis, coronary artery disease, stroke, and cancer), survey wave, and obesity status. Participants' body height and weight were measured by stadiometer and digital scale in the MEC. Body mass index (BMI) is defined by weight in kilograms divided by height in meters squared (kg/m 2 ). Adult obesity was defined as BMI ≥ 30 kg/m 2 based on the international classification of adult BMI values [23] .
Sample Size
This study used individual-level data from the NHANES 2005-2006, 2007-2008, 2009-2010, 2011-2012, 2013-2014, and 2015-2016 waves. Among a total of 28,704 U.S. adults aged 18 years and older who participated in the 24 h dietary recalls, 1587 that were pregnant, lactating, and/or on a special diet to lose weight at the time of interview were excluded, resulting in a final sample of 27,117 participants.
Statistical Analyses
Using descriptive statistics, we summarized individual characteristics of beef consumers, fresh beef consumers, lean beef consumers, fresh lean beef consumers, and beef non-consumers and their daily caloric intake and daily intakes of protein, saturated fat, sodium, choline, iron, selenium, zinc, phosphorus, vitamin B 2 , vitamin B 3 , vitamin B 6 , and vitamin B 12 from beef products alone as well as from all foods/beverages.
Logistic regressions were performed to estimate the adjusted odds ratios of beef, fresh beef, lean beef, or fresh lean beef consumption with respect to individual characteristics among NHANES adult participants. The dependent variables were dichotomous variables for any beef, fresh beef, lean beef, or fresh lean beef consumption on either dietary recall day.
A first-difference estimator was performed on beef, fresh beef, lean beef, and fresh lean beef consumers using data from their day 1 and day 2 dietary interviews, that provided two observations per person. The outcome (e.g., daily total caloric intake and zinc intake) of participant i on day t (t = 1, 2) is denoted by y it . We let vector X i represent the set of variables that vary by participant, but remain constant within-participant between the two dietary interviews (e.g., sex and race/ethnicity). Given the short recall time interval of 3-10 days, X i includes individual characteristics that vary only in the longer term, such as age, education attainment, income level, and body weight. Continuous variable bee f it denotes daily beef (or fresh, lean, or fresh lean beef) consumption in the unit of ounce-equivalents by participant i on day t. Indicator variable we it denotes whether day t was a weekend (Friday, Saturday or Sunday).
A pooled cross-sectional setup (a conventional regression that treats repeated measures within each study subject as independent observations) specifies the outcome y it as a function of an unobservable term that varies by participant α i , observable variables that vary by participant X i , observable variables that vary within-participant between the two dietary interviews bee f it and we it , and an independently-distributed unobservable disturbance term ε it .
Due to the presence of the unobservable term α i (e.g., eating habits, taste preferences), estimating Equation (1) by controlling for the observables X i only is prone to omitted variable bias. The firstdifference estimator eliminates the bias by taking the difference between the 2 days of data within each participant, so that α i and µX i that are common within-participant are removed.
Equation (2) was estimated for each outcome variable (i.e., HEI-2015 score, daily total caloric intake, and daily intakes of protein, saturated fat, sodium, choline, iron, selenium, zinc, phosphorus, vitamin B 2 , vitamin B 3 , vitamin B 6 , and vitamin B 12 ) and each type of beef consumption (i.e., beef, fresh beef, lean beef, and fresh lean beef). There are 14 outcome variables and 4 types of beef consumption so that a total of 56 regressions were estimated.
The NHANES 2005-2016 multi-wave complex survey design was accounted for in both descriptive statistics and regression analyses. The false discovery rate (FDR) was used to adjust for multiple comparisons in regression estimates. All statistical procedures were performed in Stata 15.1 SE version (StataCorp, College Station, TX). A p-value < 0.05 was considered as being statistically significant.
Ethnical Approval
The NHANES was approved by the NCHS Research Ethics Review Board. This study used the NHANES de-identified public data and was exempt from human subjects review by the University of Illinois at Urbana-Champaign Institutional Review Board. Table 1 reports individual characteristics of 2005-2016 NHANES adult beef consumers and non-consumers. Beef, fresh beef, lean beef, and fresh lean beef consumers occupied 53.6%, 11.6%, 39.3%, and 6.7% of the study sample, respectively. They averaged daily consumption of 2.1 ounceequivalents of beef, 1.8 ounce-equivalents of fresh beef, 2.2 ounce-equivalents of lean beef, and 2.0 ounce-equivalents of fresh lean beef. Daily total energy intake averaged 300.7, 217.9, 166.9, and 159.6 kcal from beef, fresh beef, lean beef, and fresh lean beef products, respectively. Beef consumers daily acquired 22.9 g of protein, 5.7 g of saturated fat, 664.6 mg of sodium, 74.8 mg of choline, 2.8 mg of iron, 25.7 µg of selenium, 4.4 mg of zinc, 232.4 mg of phosphorus, 0.25 mg of vitamin B 2 , 5.30 mg of vitamin B 3 , 0.36 mg of Vitamin B 6 , and 1.74 µg of vitamin B 12 from beef products. Daily intakes of saturated fat and sodium from fresh beef (2.8 g of saturated fat and 310.9 mg of sodium), lean beef (3.9 g of saturated fat and 419.8 mg of sodium), and fresh lean beef products (2.3 g of saturated fat and 341.5 mg of sodium) were noticeably lower than those acquired from beef products. Other nutrient intakes from fresh beef, lean beef, and fresh lean beef products were also modestly lower than those acquired from beef products.
Results
Diet quality among beef, fresh beef, lean beef, and fresh lean beef consumers was lower than beef non-consumers, whereas their daily intakes of total energy, protein, saturated fat, sodium, and all the other nutrients were higher than non-consumers. Beef, fresh beef, lean beef, and fresh lean beef consumers averaged an HEI-2015 score of 49.8, 50.0, 50.0, and 50.5, respectively, compared to 53.3 among beef non-consumers. Beef consumers averaged 2209.9 kcal of daily total energy, 88.0 g of protein, 28.4 g of saturated fat, and 3679.2 mg of sodium, compared to 1977.7 kcal of daily total energy, 76.4 g of protein, 23.8 g of saturated fat, and 3290.2 mg of sodium among beef non-consumers. The variable means pertaining to daily total energy/nutrient intakes and diet quality, between beef consumers and non-consumers are all statistically significant at p-value < 0.001. Table 2 reports the adjusted odds ratios of beef, fresh beef, lean beef, and fresh lean beef consumption estimated from logistical regressions. Females were less likely to consume beef, fresh beef, and lean beef products than males. Older adults aged 65 years and older were less likely to consume beef but more likely to consume fresh beef and fresh lean beef compared to their younger counterparts. African Americans were less likely to consume beef and lean beef than whites, whereas Hispanic were more likely to consume beef and lean beef but less likely to consume fresh beef than whites. People with college educations and above were less likely consume beef, fresh beef, lean beef, and fresh lean beef than those with high school or lower education. Compared to their married counterparts, those divorced/separated/widowed or never married were less likely to consume beef, lean beef, and fresh lean beef (except for those divorced/separated/widowed). People with obesity were more likely to consume beef, fresh beef, lean beef, and fresh lean beef than their non-obese counterparts. Income, smoking, self-rated health, and chronic diseases were largely unassociated with beef consumption. Table 3 reports the estimated effects (i.e., associations) of beef, fresh beef, lean beef, and fresh lean beef consumption on daily energy/nutrient intake and diet quality using the first-difference estimator. An increase in beef, fresh beef, lean beef, and fresh lean beef consumption was found to be associated with an increase in intakes of total energy, protein, sodium, choline, iron, selenium, zinc, phosphorus, vitamin B 2 , vitamin B 3 , and vitamin B 6 . An increase in beef, fresh beef, and lean beef consumption was found to be associated with an increase in daily intakes of saturated fat and vitamin B 12 . In contrast, no association linking fresh lean beef consumption with daily intakes of saturated fat and vitamin B 12 was identified. In addition, beef consumption was not found to be associated with overall dietary quality measured by the HEI-2015 score. After adjusting for multiple comparisons using FDR, fresh lean beef consumption was not associated with daily intake of total energy and sodium, whereas the other estimates remained statistically significant. The NHANES multi-wave sampling design was accounted for in the estimates. HEI-2015 denotes Health Eating Index-2015 with possible score ranging from 0 (lowest daily diet quality) to 100 (highest daily diet quality). Two-sample t-tests for continuous variables and chi-squared tests for dichotomous variables were conducted between beef consumers and non-consumers, with statistical significance shown in the far right column; ** 0.001 ≤ p < 0.01; and *** p < 0.001./denotes not applicable. Individual-level data from the NHANES 2005-2016 waves. First-difference estimators were used to estimate the effects of beef consumption on daily dietary intake and diet quality among U.S. adults, adjusting for whether the consumption was on a weekday or weekend and accounting for the NHANES multiyear complex survey design. HEI-2015 denotes Healthy Eating Index-2015 with possible score ranging from 0 (lowest daily diet quality) to 100 (highest daily diet quality). 95% confidence intervals are in parentheses. * 0.01 ≤ p < 0.05; ** 0.001 ≤ p < 0.01; and *** p < 0.001.
Discussion
Half of adults in the U.S. consume beef. Beef provides many nutrients that are essential to human health. However, different types of beef consumption in relation to nutrient intakes and diet quality is less documented. This study examined the influence of beef consumption on nutrient intakes and diet quality among U.S. adults using 12 years of data from a nationally representative nutrition survey. About 53.6%, 11.6%, 39.3%, and 6.7% of adults in the U.S. consumed beef, fresh beef, lean beef, and fresh lean beef, respectively (see Table 1 ). The prevalence of beef, fresh beef, lean beef, and fresh lean beef consumption differed by sex, age, race/ethnicity, education level, and obesity status (see Table 2 ). Beef, fresh beef, lean beef, and fresh lean beef consumption was associated with higher daily intakes of total energy, protein, sodium, choline, iron, selenium, zinc, phosphorus, and multiple B vitamins (See Table 3 ). Beef, fresh beef, and lean beef consumption, but not fresh lean beef consumption, was associated with higher saturated fat intake. Beef consumption was not associated with overall dietary quality measured by the HEI-2015 score.
This study confirmed the findings from previous work on the positive contribution of beef consumption on certain essential macronutrient and micronutrient intakes, such as protein, zinc, iron, and multiple B vitamins [5] [6] [7] [8] [9] . In addition, this study differentiated the influence between fresh and lean beef consumption. While overall beef consumption was most closely associated with intakes of those nutrients, higher nutrient intakes attributable to fresh beef, lean beef, and fresh lean beef consumption were fairly comparable. On the other hand, fresh beef, lean beef, and fresh lean beef consumption in particular, was associated with lower daily intakes of total energy, saturated fat, and sodium than beef consumption. For instance, an increase in beef consumption by one ounce-equivalent per day was associated with an increase in total energy by 46.1 kcal, saturated fat by 0.9 g, and sodium by 66.6 mg; whereas an increase in fresh lean beef consumption, by one ounce-equivalent per day, was associated with an increase in total energy by 23.3 kcal, saturated fat by 0.3 g (p-value > 0.05), and sodium by 39.1 mg (See Table 3 ). These findings suggest that beef consumers may increase the proportion of fresh and lean beef over total beef intake in order to capitalize on the nutritional gains from beef consumption, while minimizing the associated increase in energy, saturated fat, and sodium intake.
The prevalence of beef consumption was found to differ substantially in individual characteristics. Differential patterns in beef consumption, and more generally red meat consumption, have been extensively documented [24] [25] [26] . Dissimilarities in dietary traditions, and culture and biological differences, may partially explain the heterogeneous beef consumption patterns by sex, age, and race/ethnicity [24] . However, less is known about the role of education, marital status, and obesity in beef consumption. This study found that people with lower education level, married, and with obesity were more likely to consume beef products. A previous study documented that beef consumption is negatively associated with education level but positively associated with family size [27] . In contrast, poultry and fish consumption tended to increase with education level [24] . These findings may suggest that individuals with higher education could pay more attention to weight control and chronic disease prevention and thus choose to consume less red meat as a way to reduce caloric intake. Meat consumption was found to be associated with adiposity among U.S. adults [26] . It was possible that beef consumption increased obesity risk in the NHANES adult sample, but the current cross-sectional evaluation does not allow us to draw any causal conclusion due to potential confounding bias and reverse causality.
A few limitations of this study should be noted. NHANES is a probability sample of the U.S. non-institutionalized population, and the dietary intakes among patients in penal/mental facilities, institutionalized older adults, and/or military personnel on active duty are not represented. Dietary intake in NHANES was self-reported and subject to measurement error and social desirability bias [28] . First-difference estimator eliminated confounding bias from unobservable factors that remained constant, within-participant between the two dietary interviews but could not control for more transient factors such as daily variations in physical activity, appetite, or emotions. Compared to pooled cross-sectional estimators, the first-difference estimator is under-powered (less precision and larger standard error), because only a sub-sample consisting of individuals who alternated their beef consumption pattern between the 2 dietary recall days, contributed to the effect estimation, whereas those who did not consume any beef (or fresh, lean, and fresh lean beef) did not. Although the point estimates from regression analyses suggest some differences in the relationship between energy/nutrient intakes and beef consumption between alternative beef types, none of those differences were statistically significant. This study examined the short-term nutritional relevance of beef consumption; however, whether and to what extent changes in nutrient intakes and diet quality attributable to beef consumption, especially fresh and/or lean beef consumption, may influence long-term health and disease status, were beyond the scope of this study and warrant future research.
Conclusions
In conclusion, this study assessed the impact of beef consumption on energy/nutrient intakes and diet quality among U.S. adults, using data from a nationally representative nutrition survey. Beef, fresh beef, lean beef, and fresh lean beef consumption was associated with higher intakes of total energy, protein, sodium, choline, iron, selenium, zinc, phosphorus, and multiple B vitamins. Beef, fresh beef, and lean beef consumption were also associated with higher saturated fat intake. Beef consumers are advised to increase their portions of fresh and lean beef over total beef intake in an effort to maximize nutritional gains from beef consumption, while minimizing any resultant increase in energy, saturated fat, and sodium intake. This study has limitations pertaining to measurement error and observational study design. Future studies are warranted to examine the long-term health consequences of fresh and lean beef consumption. Funding: This research was funded by the National Cattlemen's Beef Association.
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